This study sets the basis for developing a rapid technique for measuring olive oil 10 squalene, which is a healthy compound. This technique, based on near infrared 11 spectroscopy, is environmentally friendly. The most suitable wavelength ranges were 12 defined, studying the possible contribution from the visible spectra. For this purpose, 13
Introduction

24
Squalene (Figure 1 ) is a triterpene aliphatic hydrocarbon, and it was named because of 25 its profusion in shark liver oil, its richest source, where it reaches 900 g·kg -1 . Shark liver 26 oil has long been used as a traditional health food in Japan, with a particular benefit for 27 vascular health (Hamadate et al., 2015) . Squalene is widely distributed in nature, 28 especially in vegetable oils such as olive oil, palm oil, wheat-germ oil, amaranth oil, or Besides, the squalene content varies widely depending on the olive oil product with a 48 range of 2 to 7 g·kg -1 (Rao, Newmark, & Reddy, 1998) . A significant difference 49 between the extra virgin class (EVOO) and the virgin class (VOO) has been reported, 50 with the latter having more squalene than the refined olive oils (Owen, The samples' spectra were recorded directly from olive oils without any other treatment. 136
The temperature of a body has an important influence on NIR radiation. Therefore, the 137 samples were taken from 4 °C storage and placed at room temperature in the laboratory 138 18h before processing. A thermostatic bath fixed at 33 °C for 30 min held the 20 mL 139 sample containers to ensure temperature stability. The averaged spectrum from two 140 measurements of 50 spectra each was registered, with each sample. The same procedure 141 was used with both optical configurations. 142
For NIRS, the measuring mode was post dispersive transflectance. A Luminar 143 (Brimrose Inc., Maryland, USA) spectrometer was used. This instrument consists of an 144 acousto-optic tunable filter (AOTF) with InGaAs detector (1100-2300 nm). The 145 reference is automatically taken, the scanning speed is 60 ms. The spectrometer is 146 composed of a hand-held unit, equipped with a base for laboratory use. A transflectance 147 probe accessory was used. The probe is in stainless steel, with threaded interchangeable 148 optical path. The spectra were registered as a whole, the spectral variables matching at 2 149 nm intervals. The repeatability of the instrument, expressed as the standard deviation of 150 the average absorbance of five measurements of a white tile, is 6.76 10 -4 . The signals 151
were captured using Acquire software (Brimrose Corp., Maryland). 152
The VIS/NIRS was carried out using a Labspec (Analytical Spectral Devices Inc., 153
Boulder, USA) spectrometer, with transmittance optical mode consisting of a liquid 154 accessory (Ocean Optics, Largo, USA). A quartz spectrophotometric cuvette (Hellma 155 Analytics, Müllheim, Germany) with 10 mm path length held the samples. The whole 156 VIS/NIRS spectrum (350−2500 nm) was registered, with each spectral variable 157 corresponding to a 2 nm interval. The configuration for 50 spectra in continuous 158 acquisition was used. Indico Pro software (Analytical Spectral Devices Inc., Boulder, 159 USA) was used for this purpose. The spectrometer was equipped with three detectors. 160
The detector for the visible range (350-1000 nm) was a fixed reflective holographic 161 diode array with a sensitivity of 512 pixels. A holographic fast scanner InGaAs detector 162 cooled at -25ºC covered the wavelength range of 1000-1800 nm. The same device 163 coupled with a high order blocking filter was used for the interval 1800-2500 nm. The 164 scanning speed was 100 ms, and the acquisition processing time is less than a minute 165 for each sample, all steps included. The repeatability, expressed as the standard 166 deviation of the average absorbance of five measurements of a white tile between 350 167 and 2500 nm, is 6.00 10 -4
. 168
Squalene spectrum 169
Squalene of 98% purity (Merck, Darmstadt, Germany) was used as pattern to 170 characterize the squalene VIS/NIR absorption bands. The pattern spectrum was 171 registered only once using the Labspec spectrometer, by averaging four replicates. The 172 rest of the procedure was the same as previously described for olive oil samples. 173
Chemometry 174
Possible olive oil groups were analyzed by Principal Component Analysis (PCA), 175 which was also used for detecting possible spectral outliers. It was carried out from the 176 olive oils spectra of both optical configurations using The Unscrumbler 9.7 (CAMO 177 Software AS, Oslo, Norway). were fixed for classification tests into two squalene levels. These two classes were 225 defined according to the squalene mean of the total sample set analyzed, whose value 226 was this threshold. The technique performance assessment was by its success grade. 227
This was expressed as the percentage of samples in which the predicted and actual 228 classifications coincided. 229 
Results and Discussion
Population Characterization 259
The values of the squalene reference analysis of the calibration and external validation 260 sets are gathered in Table 1 olive oils that are helpful to health due to their high squalene content. 268 Table 1 269
Principal Component Analysis 270
The olive oils spectra PCA analysis of both spectrometers showed the absence of 271 sample groups. The PCA of NIRS, shown in Figure 6 . It is worth mentioning the matching among several 292 major wavelengths of M 1 with the major absorption area of the squalene spectra (Figure  293 3), corresponding to the 1700-1850 nm spectral window. 294 Figure 7 represents the regression for M 1 . In these graphs, the horizontal line within a 295 certain wavelength shows zero contribution to the model. 296 
External Validation Exercises Using M 1 300
One of the two samples separated from the major group in the PCA (Figure 4 ) 301 belonged to the validation set. This was separated, since it appeared in the validation as 302 an aberrant point, according to the criterion for outliers.. The statistics of the validation 303 exercise are shown in Table 2 . The dispersion plot of V 1 is shown in Figure 8 
Conclusions
